The association of viral and Mycoplasma pneumoniae infections with acute exacerbations of chronic bronchitis was studied by serologic or isolation techniques in 46 adult men during the five years from 1964 through 1968. Serologic evidence of viral or M. pneumoniae infection was detected in 25% of 166 episodes of exacerbation and 14% of 138 remission periods (P = 0.02). Influenza A virus, parainfluenza virus type 3, and coronavirus OC43 predominated; infections with other viruses were infrequent. Infection with M. pneumoniae was detected serologically in four patients, but this organism was never isolated from sputum specimens. Rhinoviruses were isolated from frozen-stored sputum specimens in 2.7% of the episodes of exacerbation and from 0.55% of the remission intervals (P not significant). These data suggest that although exacerbations of chronic bronchitis may be accompanied by viral and M. pneumoniae infections, patients with chronic bronchitis also acquire such infections without a worsening of their respiratory status.
Most of the microorganisms that infect the respiratory tract can be recovered from individuals undergoing exacerbations of chronic bronchitis [1, 2] . However, the role of viral and mycoplasmal infections in exacerbations of chronic bronchitis has not been fully documented. Moreover, the observations regarding infections in chronic bronchitics in a designated patient population during any specified period may not be comparable to those in other populations. Because of the high prevalence and morbidity of chronic bronchitis among patients of Veterans Administration Hospitals, we have conducted surveillance of one of these groups to assess the impact of respiratory tract infections on the natural course of this disease and to investigate further the occurrence and relative importance of viruses and mycoplasmas in exacerbations [3] . Evidence of viral and Mycoplasma pneumoniae infections (obtained mainly by serologic testing and to a lesser extent by isolation of organisms) was correlated with the pattern of clinical disease in patients with chronic bronchitis.
Materials and Methods
Design of study. Forty-six male adults with chronic bronchitis, outpatients at the Veterans Administration Hospital, Hines, Ill., constituted the study group. These patients all fulfilled the criteria for the diagnosis of chronic bronchitis, defined as a chronic or recurrent increase in the volume of mucoid or mucopurulent bronchial secretions sufficient to cause expectoration, during at least three months of each of the two years prior to entry into the study group. Their clinical and microbiological status was studied longitudinally during the five years from 1964 through 1968. Monthly or in alternate months and during periods of exacerbation, each patient reported to the outpatient clinic for examination. At each visit a symptom questionnaire was completed by the examiner, a physical examination was performed, pulmonary function tests were done, a sputum specimen was collected for isolation of virus and Mycoplasma, and a serum specimen was obtained for serologic evaluation. The questionnaires and definitions of remissions and exacerbations were modeled after the guidelines reported by the Medical Research Council [4] . Exacerbations were defined as an increase in cough or sputum production since the patient's previous visit. Symptoms of upper airway infection were not included among these criteria.
An exacerbation was considered satisfactorily tested for viral and M. pneumoniae infections when serum pairs were obtained before and after this episode and a sputum specimen was collect-edIor mycoplasmal and viral isolation. One hundred sixty-six (62%) of 270 exacerbations were tested in this manner. For comparison, 138 intervals when patients did not experience an exacerbation or were otherwise in remission were similarly tested.
Population characteristics. All patients were veterans who attended the pulmonary outpatient clinic on a regular basis. They visited the clinic for monthly follow-up an average of 10.3 months per year and made an average of 11.0 total visits per year. Persons who were habitual poor attenders were not included in the study population. The ages of the 46 patients at the beginning of the study period ranged from 31 to 79 years; the distribution of age was as follows: 30-39 years, two patients; 40-49 years, 13; 50-59 years, nine; 60-69 years, 13; and 70-79 years, nine. The median age decade was 50-59 years. All patients were or had been cigarette smokers. The range of pack-years (one pack per man per year) was five to 125 (median, 49 years). Pulmonary function tests on entry into the study disclosed a marked degree of obstructive pulmonary disease. The mean values of forced vital capacity (FVC) , forced expiratory volume (FEV 1)' and the ratio FEV 1/FVC were 2.45 liters, 1.31 liters, and 52%. Expressed as a percentage of normal, the FEV 1 for study patients ranged from 10% to 80%, but two-thirds of the group had values of 40%. Similarly, the FEV 1/FVC ratio ranged .from 30% to 80% of normal, and two-thirds of the group had values of~50%.
Procedures for isolation of virus. Sputum specimens for viral isolation were stored at -70 C for five to eight years. When ready for use, speci-mens were rapidly thawed, and 0.4 ml was suspended in 2.0 ml of chilled veal infusion broth treated with 500 units of penicillin rrnl, SOO p,g of streptomycin rml, and 0.02 mg of amphotericin B /ml of broth for 1 hr at 4 C. A volume of 0.2 ml of the treated sputum suspension was inoculated into each of two roller-tube cultures of human diploid fibroblasts (vVI-38 strain) for recovery of picornaviruses, adenoviruses, herpesviruses, and coronavirus strain 229E. Because of the long period of storage of the sputum specimens, no attempt was made to isolate myxoviruses.
WI-38 roller-tube cultures were obtained from Flow Laboratories, Rockville, Md. Maintenance medium for these cell cultures consisted of Eagle's minimal essential medium supplemented with 2% inactivated fetal calf serum; the complete medium was adjusted to pH 7.0 with 7.SC;o NaHC0 3 [S].
Cultures were incubated on a rotating drum at 33 C for at least 21 days and often for as long as 28 days. Subpassages of negative cultures were not made. Cell cultures were examined three times a week for CPE, and the maintenance medium was changed at these times. Viral isolates \.vere identified by procedures previously described [5] .
Mycoplasma. A fresh agar medium consisting of pleuropneumonia-like organism agar (Difco, Detroit, Mich.), 20% horse serum, 10% yeast extract, penicillin G (2,000 unitsj ml). amphotericin B (5.6 jLg/ml), and thallium acetate (0.05%) was used for the isolation of all mycoplasmas. Duplicate plates were inoculated with sputum. One plate was incubated aerobically and the other anerobically at 37 C for four weeks. Mycoplasma isolates were identified by growth inhibition procedures using specific hyperirnmune antiserum [6] . Included in the test were antisera to M. pneumoniae, Mycoplasma orale)
Mycoplasma hominis, Mycoplasma [errnentans,
Mycoplasma arthriditis, and Mycoplasma salioarium. Approximately one-half of the cultures were passaged on agar a second time from an area selected adjacent to the zone of inhibition in an attempt to identify mixed cultures of mycoplasmas. None were detected.
Serologic procedures. Serial serum specimens were tested by CF for antibodies to influenza A and B viruses, respiratory syncytial virus (RSV), parainfluenza virus types 1, 2, and 3, adenoviruses, and coronavirus types 229E and OC43 and for M. pneumoniae. Microtiter CF tests containing 1.7-1.8 units of complement were employed after fixation overnight at 4 C. Four units of each viral and mycoplasmal antigen were used. Serologic evidence of infection was defined as a fourfold or greater rise in antibody titer between the acuteand convalescent-phase sera.
Results
Occurrence of acute respiratory illness in patients with chronic bronchitis. The total number of exacerbations experienced by each patient during their participation in this study ranged from one to 14 (mean, 5.9). The number of exacerbations of anyone patient usually was directly proportional to the number of years of participation in the surveillance program. The mean number of years of patient participation was 3.7. Only one patient reported no exacerbations during the four-year period of the study. Exacerbations of chronic bronchi tis tended to occur more often in the winter months than in the summer months, although they occurred frequently in all months of the year (table 1) .
Serologic evidence -of viral and M. pneumoniae infections. Infections with respiratory virus or M. pneumoniae were detected at least once in 40 of the 46 patients studied. The mean num-379 ber of infections was 1.9 (range, 1-6). Although patients included in the study for a longer time experienced somewhat more virus and M. pneumoniae infections, the relationship was not linear, a finding suggesting that individual differences in rates of infection could not be attributed exclusively to the duration of participation in the study.
Fourfold or greater rises in titer of antibody to virus or M. pneumoniae were detected in 50 (30.1%) of 166 exacerbations of chronic bronchitis in the 46 adult patients studied (table 2) . By comparison, viral and M. pneumoniae infections were detected in 38 (27.5%) of 138 remissions. These rates were not significantly different and suggest that patients with chronic bronchitis can undergo infections with these agents apparently without an acute worsening of their respiratory status. When rises in titers of antibody to multiple agents which occurred simultaneously during a single episode were excluded from this analysis, the distribution of single-agent infections could be assessed (table 3) . Infections defined as a rise in titer of antibody to a single agent (a virus or M. pneumoniae) were detected in 41 (24.7%) of 166 exacerbations of chronic bronchitis and only 19 (13.8%) of 138 remissions, a difference which was significant (P = 0.02).
The frequency of individual viral and M. pneumoniae infections was analyzed using only these single-agent antibody titer rises (table 4 ). Fortyone (82%) of 50 rises in antibody titer during exacerbation were single-agent antibody titer rises, and during remission 19 (50%) of the 38 rises were single-agent antibody titer rises. The higher incidence of multiple-agent antibody titer rises in remission intervals may be a reflection of the study design. More attention was paid to specimen collection during exacerbations with the result that the average intervals defined by available serum pairs were 1.5 months for exacerbation and 3.2 months for remission. Myxovirus and coronavirus infections predominated (table 4) . Influenza A virus, parainfluenza virus type 3, and coronavirus OC43 accounted for nearly two-thirds of all infections. In each instance these infections occurred more often in exacerbation than in remission, a finding that suggests their association with the occurrence of exacerbations of chronic bronchitis; however, the difference was significant only for influenza A virus and coronavirus OC43 (P < 0.05). All other viral infections occurred as often in exacerbation as in remission.
M. pneumoniae infection alone occurred in 2.4~o of exacerbations but not in any remission. Fifteen additional rises in titer of antibody to M. pneumoniae occurred simultaneously with respiratory virus infections. These rises were equally distributed between periods of exacerbation and remission.
Viral infections among patients with chronic bronchitis occurred as defined outbreaks ( figure  1 Recovery of viruses. Frozen sputum specimens were available from 113 episodes of exacerbations and from 183 remissions. More intervals were tested for recovery of virus than for CF antibody because of differences in the availability of frozen sputum and serum pairs. Rhinoviruses were recovered more often from the sputum of patients with chronic bronchitis during exacerbation (three [2.7%] of 113 exacerbations) than during remission (one[O.55%J of 183 remissions); this difference was not statistically significant. Rhinovirus infections occurred in the spring, summer, and fall. No other viruses were isolated.
Recovery of mycoplasmas. During the three years from 1966 through 1968, 36 of the 46 patients with chronic bronchitis were tested for infection by attempts at isolation of mycoplasmas from fresh sputum. All isolates were identified. M. salivarium was isolated from 215 (36.3%) 
Discussion
In this study, viral and M. pneumoniae infections were common in patients during exacerbation, but such infections occurred also in these patients without worsening of their respiratory status. We reported our findings in two ways: as rises in titer of antibody to a single agent and as rises in titer of antibody to two or more agents within the same interval. Rises in titers of antibody to multiple agents predominated in remission intervals, which tended to be longer than exacerbation intervals. This difference may have accounted for some variation in the antibody titer which was not indicative of specific viral infection. Antibody titer rises to multiple agents also may reflect heterotypic responses and overestimate the number of infections. By analyzing antibody titer rises to single agents in this report, we estimated the importance of infection with each specific virus, but the approach precluded assessment of the role of dual infection with two viruses or a virus and M. pneumoniae in exacerbations. Rises in titer of antibody to M. pneumoniae, however, were detected most often in association with a titer rise to one or more respiratory viruses. The possibility that M. pneumoniae can function as a secondary or synergistic pathogen in respiratory tract infections cannot be excluded and requires further investigation.
That viruses may playa role in exacerbations of chronic bronchitis is suggested by the finding that one-fourth of exacerbations were associated with viral infections. This rate was twice that of viral infection in remission. Infections with influenza A virus and coronavirus OC43 occurred significantly more often in exacerbations than in remissions.
Coronaviruses have been recognized recently as etiologic agents of respiratory illness in children and adults [8] [9] [10] . Gump and coworkers also reported association of these agents with exacerbations of chronic bronchitis [11] . They found that four of seven infections with coronavirus OC43 and two of seven infections with coronavirus 229E were associated with an exacerbation. Evidence of this relationship has accumulated very slowly because of the requirement for recovery of strain OC43 in human fetal trachea organ cul-tures, a difficult procedure. Infection with coronavirus 229E was not detected either by isola tion or rise in antibody titer in the patients in our study.
The finding in this study of rhinovirus infections in only 2.7% of exacerbations is considerably lower than the 23% recovery rate for rhinoviruses in exacerbations reported by Eadie [14, 15] . Carilli et al., however, failed to isolate these agents [16] . In his controlled study, Stenhouse found that rhinovirus infection was not more common in' subjects with bronchitis than in the control population, but that rhinovirus infection was more likely to be associated with the development of acute lower respiratory tract symptoms [14J. The extended period of frozen storage of specimens before tissue culture inoculation may have contributed to our low recovery rate of rhinoviruses.
Sommerville first detected RSV infection in 50% of 82 exacerbations [17J. Carilli et al. [16J and McNamara et al. [13J also found RSV associated with a significant number of exacerbations, 17% and 12%, respectively. Unlike these investigators, we detected RSV infection by serologic procedures in only one remission interval of only one of our patients.
The paucity of M. pneumoniae infections detected in exacerbations in this study agrees with the results of another recent report [18] . In a number of prospective studies, M. pneumoniae infections have been associated with 8.7% and 9.5% of exacerbations [12, 13J and with no exacerbations [19] . One consistent finding, however, has been the failure to recover the organism from sputum, even from patients with rising antibody titers. These results question the significance of serologic responses alone only in this infection and should be further investigated. M. saliuarium seems ubiquitous in samples of expectorated sputum as well as in specimens obtained during bronchoscopy [2OJ .
Our findings are similar to those reported in a number of other studies on viral and M. pneumoniae infections in exacerbations of chronic bronchitis (table 5). In various studies the rates of infection in exacerbations ranged widely (4%-64%). These data have been interpreted as constituting strong, but not conclusive, evidence for an etiologic role of viruses or M. pneumoniae in the pathogenesis of acute exacerbations of chronic bronchitis. However, the available data cannot be easily compared because different sam-pIing procedures and methods were employed. In addition, individual authors often did not specify the number of remission intervals examined but reported only infections detected during exacerbations and compared patients with chronic bronchitis with healthy (control) populations. Furthermore, the definition of an exacerbation is a subjective judgment, and different interpretations of the criteria will affect the percentage of association with infection.
Two groups of investigators have derived a more striking correlation of infection with exacerbation by interpreting their findings in a timeweighted fashion. Thus Gump et al. found that the incidence of infection was 32% per patient week of exacerbation but only 0.9% per patient week spent in remission [11J. Similarly, Lamy et al. compared patient months spent in exacerbation and remission with an incidence of infection of 52% and 3.7%, respectively [24] . Our data did not permit a time-weighted analysis since the duration of exacerbation was not recorded. When the duration of exacerbation was estimated using the interval between the collection of two samples of serum bracketing an exacerbation, we tested 257 months of exacerbation and 442 months of remission. The rate of viral infection was 15.4% per exacerbation month and 4.3% per remission month. This trend is similar to that in the data of Gump et al. [11] .
A special problem in interpretation is posed by the detection of infection in patients with chronic bronchitis without an associated acute compromise in their respiratory status. In our study approximately one-third of all viral and M. pneumoniae infections detected belonged in this category. Whether subclinical infections contribute to continuing clinical deterioration remains unexplored, and long-term epidemiologic and clinical surveillance of patients with chronic bronchitis will be required to answer this question.
